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ABSTRACT 

This issue of the newsletter of the Aoierican 
Association for the Advancement of Science is devoted to inf oraation 
about efflployment opportunities for natural scientists and engineers 
in the •70s. Problems of supply and demand are considered, with 
graduate enrollment in natural science fields being considered as an 
important indicator of the future supply of trained pr^of essionals. 
Students are urged to consider the employment situation in various 
fields before aaking a career choice. (PEB) 
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\ < ^itiL' nir-ri aii'l ^vniiK'n ihtn.sinyj career fiolils, c-oilejL;os 
mA i.nivtMSLtus i\'sp< 'iisiltle f'^r their odu^atinn. ;iri(i 
ernpi-^N LTs r^laiuuri^'' t" utilize ihv'w >e! \ iees all need iri- 
^*rnjat;rfri \\y \\'\]w\\ ihoy aiij^'lit a.-^se-s the fH«tertlial 
>ijjiiiiy of T;e'A >ru'Mti>t> ariii iMiLMieers and tl:o [Hflen- 
ti;u ^UrrKUiil t*'»r tfie^^e siu\^a[ists \]\ a peri«»d far efi^a^rh 
in the I'uture al K-ast take itiln account if'.o feur-tr'- 
len-yiar h.-nvlh -'f ttie c'ducat.h>ii;il Fd[ieline. *lhe!*e ure 
n'> [iLTtevt ^.rysta! halis that ^ive (Ut aeeurate ^mc- 
ture cither i^f supply nr derr:and. We earui'U fU'efiift 
with Lrreat ai/niraey whellier the nuiVihier (-f piM'ple 
trained m tt■L■hlu^^^>ri(■;i] spoeialt^e.-. wiU niateh tlie 
rnand f'-r thieii' services titlKT at the time t}:e>' v^m\■' 
plete their fdrrpial eduraticn ni' in the years hj'yt^nd. 
1 nai.'i'ij raeies iuxiir liet\ii<se r»f the [ar^^e nnmher of \ ari- 
ahiies in t^ie supply-ilcnsand ("(luatji-n. 

i.Jn the dt'Tnand side, aee:irate for^rasts !'oquire tha.' 
aitrtit\' to predii.t the hraitri ll.e vTnera} ec<^ri<irriy atid 
to p.rvraM th^^ [•ri^'rit ies that uiil hi* assirrieii hy tJie 
ie^isiativv' and e\e«;*t}ve hninches of v^nvernnierU to 
^olvirii: aatif^nal j^rnhlrrn^ ' aiai the fiiiidinv^ that \^\\\ he 
afjpropriatvd Ir-r thvdr Sfdiit ion - ; ais^. tliey !;erd tn 
take iiktii aLetnint the possibility nf t< i hrsol(»i/i( al l«i'oak- 
tfirr.uvrfiS tliat may eh;an/i- hi tii the iiurnf?er and the 
kita! of speeialists re<inirr(i to snlve partieu^ar kinds 
of pi-<-!d.T[;s Whii.^ it IS fiot riir^h jU to hst a niiniher of 
!uiti!eiai prohh'rns that await -oluttorn ;t is \-ery (iilhoiilt 
to anth-u^ate wrwrVi -.f the prohleni< n;ay he atta^/kvii 
t;r^r at a\\ ■ arsd fio\v aniJidi (ifort \^\\[ he ajiplnd to 
solving' ;hitTn in a rea-orud le time Wo can. fiir exHn^- 
lije. njako fairly aiT«irate estiinalr\s of the nevd {^^v .^oi- 
elitists ari^i oiurineer> * ar)e»ri^ others lo elr-an nfi o^:r 
('nvirotimMfi? t!» a ^rivoh lev<'[ witlnn a ;ri\en jieri(Mi nf 
tirue. WUhruit knowin;.r the prifjrity. the level of eifort, 
or th^e time f)eriod that wilhtfo as?ii!neil In the problem, 
traiishiti?)^: t):e "rjeed ' into "rjeniand." iir jfjh 'ipprii'tiini- 



Aflarjtf'd the aiithr>r for Snri^n- EdnCQfu^v from 
a roore t.-Mensiv*' refK>rt to It- issued K.y lla- Sa:iei it itir 
Manf«o'Aer Tonunissior^ ;ater in ; 



ties, hroornes hoth more ditVuidt atal nioie suhjeet to 

error, 

Another set ef unktiown vaidal>!e,s faces us when we 
tr>- to ant iei pate the sufipls" of scierUist.^ and en^'itseers 
at st^nie liojnt in the future. The eareer choices tliat 
Nvill he made hy stinients are iletennlned hy a man her 
eif factors aim Mcuiy <if thein are not easil\' measni-aMe 
in advanei^ .StiiiieiUs \vith holli the iriterest and the 
aptitiiiie for si ierue or efiKineerin^* eareers itjay he di- 
tiuenceil into or iiut of the^e helds hy their pereeptums 
(ff the current jol) market and or the future jolj nuir- 
ket : \)\ advice fi'oni I'urents, friends, teac hers, or em- 
ployers; or by tfieir ex]ieriejici's in .^etence or eiivrineer- 
in^' courses. 

'I'he size c*f the lollevre av'e j^'rouji at any driven time 
ran he determined <]iiite ai'cui'ately t)nou^''h Census 
l-5urean Jata, an<i we kruAv hist»>rically winit i>!oporlion 
of this av'e ^'rojp in pa.st years has entered post-}ii>rH- 
schooil education, U'e inive seen this iiroportion rise 
fairly steadily over the i-ast several decades, and miKht 
Kjc ah!e to antieipate a i;oidinuin>r rise in the nropor- 
tLo!iut*^ enrollment of the a^re K'"o^Jp dmtil some eei1in>r 
is readied. Ohvionsly there will never lie inO ]>crcent 
jiart ioipat iciii in In'v'her education, sirice some men and 
wttmen will iaek the af)ility, son.e will lack the motiva* 
lion, some will \\v unaljle to mana^re the c ists. and there 
ije cojTiiiinations of these reasons for failing to 
p'irsne furtlier formal educatiom 

Se^me nianpower autheirities hetieve that we are ap- 
proacliin^' that ceijiri>r. at least in terms c»f capahility.' 
Other projections imlieate that as much as jjercenl 
of all is year f»Ms rnay he enterir.^ lolle^re by TJJKa 
i fomjccred t«c a;', ^.er'retit in 1 97n , jin^i that npiiroxi- 
nnitely the same mportie.n as now r>f thc^se \^'ho enter 
' Viei cerit of the rrjen amd 5:> pHTeeJit of thi' w<imenl 
may rorrip'ete a f>acheloj'*s de^^*'*' in s»)me field/"' 

However, the proportion (-f nnde hij^h school ^^radtJ- 
ales entering' collej^o' in the fjext school year has dropped 

' Wjdhu'O F^ Hrode. "Approaching: Ceilings in the Supply 

f<f Srii ritifie .VJar^pdwer/' Sfo 1 ;i*,n J Ml'fM). 

■ ForecaslinL' Murellnicrtts and Decrees. National Seienre 
Fouti<]atien. I ajpidihshoih .: • 



from i)orcent in 10(59 to 37.C percent in 1972. The 
proportiori of 18- luul lO-ycar-olti-wonien aiaycd steady 
at about percent. Thus tl;e picture may be change 
iuKt or we may already have reached the ceiling, pushed 
up by draft rules that provided deferment to youn^ 
men in coKckc during much of the Vietnam war. We 
may also be witnessiiig the beginning of a period when 
more students will take a break of two or three years 
before bcKinninir college. 

In forecasting the number of graduates, once we 
have estimated the proportion of the a^'e group that 
will enter college, it is in^portant to reco^ynize that sci- 
ence and engineering fields generally must be chosen 
fairly early if they are to be chosen at all. Kven in 
high school, students choosing the wrong mathematics 
program can tend to close otT opportunities in the tech- 
nological fields. Harely are students able to enter en- 
gineering programs after the freshman year in college, 
and science majors also tend to choose their programs 
early in their college careers. Thus, if too few students 
in the freshman year elect a program of studies aiming 
toward science or engineering, the graduating class 
four years later will not be implemented by "drop-ins*' 
from the social j^ciences and the humanities. 

On the other hand, science and engineering tradi- 
tionally have been excellent springboards inio other 
fields, and wo can expect a fairly steady drop-out rate 
from thc.<Q fields both in the tuuiergraduatc yearns and 
at the beginning of graduate study. 

Despite the ditliculty of making accurate projections 
of either supply or demand, such projections are made 
so that some guidelines will be available to individuals 
for making informed f^^^oices and to plamiers who may 
olTer or withdraw incentives designed to persuade larger 
numbers to choose these fields at a particular time. 

The very fact that a forecast is nuide and published 
will affect the outcome of that forecast. If predictions 
by responsible people indicate that there wilt not be 
suiYwient empioyment for the number of people train/ng 
for a particular field, some of these students will change 
their plans and move into another area where oppor- 
tunities may be better. Ef shortages are forecast, not 
only will some students elect to move into the fields in- 
dicated, but incentives may be offered in the form of 
scholarships, higher s;\laries, or status symbols to en- 
courage the movement of young people toward these 
areas. 

When any of these things happen, the accuracy of 
the forecasts will be changed. Therefore, it is hard to 
measure the forecasting error even when the data be- 
come available. 

The nature of the forecasts that are available shows 
us clearly that no one has found the perfect way to 
develop a forecast. Several methods are used. Some 
forecasts are derived from surveys of informed opinion 
about the future, while others are built by projecting 
the trend of past data under certain assumptions to 
some period in the future. -Afany forecasts incorporate 
■ both these methods. Increasingly computers are used 
to make forecasts based on models sot up under certain 
assumptions about the future, with the complex vari- 

EHlC 



ables interacting to produce a picture of what may hap- 
pen if these particular assumptions are correct. 

Forecasts of both supply and demand are made by • 
government agencies and by private groups. Despite 
their imperfections, these forecasts are needed to allow 
valid plaiHiing for the future by individunls, universi- 
ties, employers, legislators, and professional groups 
concerned with the welfare of their members. 

Supply 

A major source for information about the future sup- 
ply of new graduates in all fields is the National Center 
for Educational Statistics (XCKS) of the U.S. Oftke of 
Hducation.^ These projections in turn rely on the data 
collected annually by I'SOH on degrees conferred by 
U, S. universities and on enrollment trends as shown 
through a number of surveys. 

The most recent projections by NCKS for bachelor's 
degrees in the fields of natural science and engineering 
are shown in table 1. 
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It is easy to sec that while the total number of de- 
grees expected is rising, the numbers in physical sci- 
ences and engineering are falling. The proportionate 
share of all bachelor*s degrees granted that are given 
in the physical and biological sciences, mathematics, and 
engineering has fallen from a little over 20 percent 
of the total in 1951-55 to less than 18 percent in 10G9-70, 
and the projections made by the NCKS antici])ate that 
by 1981*82 engineering, mathematics, and natural sci- 
ence degrees will make up only about 12 percent of all 
the bachelor's degrees granted. The proportions also 
are falling at both graduate degree levels. 

Hocause of the increasing size of the college popula- 
tion, the actual number of degrees granted in these 
fields continued to increase each year through 1070-71, 
and increases are projected each year through 1981 «82 

'Projections of Educational Statistics to -52, National 
Center for Educational Statistics, U.S. Office of Kducation. 
In press. 
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in mathematics and statistics and in the biolo^^ical sci- 
ences. In the physical sciences^ however, the number of 
now baccalaureate graduates be^Mn to drop in 1971-72 
and is projected to continue to fall throu^jh 1081-82» 

In engineering, even when bachelor of technology de- 
grees are ad(}ed to the nun^ber of engineering degrees, 
the total will fall rapidly through l075-7i) before it h 
expected to start slowly up again. The decrease through 
1977 is quite certain to occur, since those classes al- 
ready are in engineering school and freshmen engineer- 
ing enrollment has dropped 30 percent since it peaked 
in 10i)7 (table 2k As noted earlier, engineering is 
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not a field that students can enter at later levels of 
their undergraduate years. 

When freshman engineering eiiroUmenls 
are plotted against engineering bachelor*s - 
degrees four years later, .ve can see that 
the number of degrees projected by USOE 
for 1076 is probably too high (figure 1). 
Junior class enrollment \ the 1072-7:^ 
school year is down 5.5 pi rcent from the 
fall of 1071 and total full-time uiidergradu- 
ate enrollment is down 7,0 percent. Gradu- 
ate enrollment of fulbtime students is down 
0.5 percent from the previous fall. 

In physics the enrollment drop is similar 
to that in engineering, and the number of 



Bachelor* 

Masters 

Doctors 



degrees granted began to fall in 1900-70. Table pre- 
pared from information gathered by the American In- 
stitute of Physics showing student enrollment and de- 
grees in physics, indicates a continuing drop at all 
degree levels at least through the next several years. 
AIP estimates that the class of 1970 will include only 
5,000 new bachelor's degrees in physics. 

In the chemical sciences, a sun'ey by the American 
Chemical Society in the spring of 1971 found that the 
number of bachelor's degrees was expected to rise 
through 1073, but that graduate degrees would start 
dropping by 1971 or 1972 with Ph.D.*s reaching a level 
of about 1,500 by 1970 (table 4). 

Since a high proportion of bachelor-degree holders 
in the chemical sciences do not enter the chemical pro- 
fession, trends in graduate enrollment may be a better 
measure of the supply of chemical scientists a few years 
in the future than changes in bachelor's degrees. As 
a matter of fact, ACS noted a large increase in enroll- 
ment in first- and second-year chemistry courses in the 
fall of 1971 and carried out a survey of selected schools 
to determine the size and nature of the increase. They 
found that despite a 2 percent drop in total freshman 
enrollment in the schools suneyed, enrollment in first- 
year chemistry courses rose 0 percent from the fall of 
1070 to the fall of 1971 while enrollment in organic 
chemistry rose I J percent. A follow-up study to learn 
the reason for the increases found no apparent increase 
in the number of chemistry majors planning a career 
in that field, but instead students were indicating an 
interest in medical careers. There were at least 35^000 
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students competing for the 13,000 places in first-year 
medical school classes in the fall of 1972 according to 
an estimate by the Association of American Medical 
Colleges, and interest in medical careers appears to be 
climbing considerably faster than the number of new 
spaces that wiir be available for first-year medical 
students. 

Another option for these chemistry students is in the 
environmental/ public health area where the outlook is 
somewhat more encouraging. Environmental Protection 
Agency officials estimate that some 70,000 engineers and 
28,000 scientists will be needed by 1975 in the environ- 
mental area. At present rates, they say there will not 
be enough people specifically trained in these fields to 
meet the demand. Some chemistry majors may be com- 
peting for these positions with persons who are trained 
specifically in the fields of environmental science where 
more than 100 schools now offer degree programs. 

Geoscience student enrollment has generally been 
rising since 1966 at the undergraduate level, although 
graduate enrollment over the six-year history of the 
sur\'eys of enrollment made by the American Geological 
Institute shows some dips in a generally steady rise. In 
1971-72, geology majors increased at all levels; geo- 
physics majors dropped slightly; oceanographers showed 
substantial increases at the master's and doctoral levels 
following drops in the previous two years; enrollment 
w^as down in graduate degree programs for earth sci- 
ence teachers; and environmental science programs ex* 
ploded, more than tripling the total number of Ph.D. 
candidates since 1971, Environmental science programs 
are the fastest growing of any of the geosciences fields. 

In the biological sciences, we have no enrollment sur- 
veys, and the degree data, available only through the 
U.S. Office of Education, are always about two years 
behind. 

The Higher Education Panel of the American Coun- 
cil on Education began in 1970 a survey of enrollment 
by field of junior year students in order to obtain in- 
formation about trends in choice of major field in ad* 
vance of the usual data on baccalaureates granted. Be- 
tween the fall of 1970 and the fall of 1971, total field 
enrollment rose 7.6 percent \yith the largest increases 
in the health professions, the life sciences^ and applied 
social sciences. The only fields that showed a drop in 
enrollment between these two years were history (down 
6.7 percent), engineering (down 7.3 percent), mathe- 
matical sciences (down 0,6 percent), chemistry (down 
2.2 percent), and physics (down 8.4 percent). Prelimi- 
nary, unweighted data for junior year field enrollment 
in the fall of 1972 show about a 3 percent rise in all 
fields combined, a slight rise in biological sciences, a 
very slight drop in physics and chemistry, and a more 
substantial drop in mathematics. Engineering, of 
course, continues to drop. 

Enrollment at the graduate level in the natural science 
fields is a particularly important indication of the fu* 
ture supply of trained professionals. Some projections 



are available. The NCKS projections in the natural sci- 
ences are shown in tables 5 atid 6. 
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i<,953 


1962-63 


95.470 


4.U5 


9,666 


1963.64 


105,551 


4.555 


10.857 


1964.65 


117,152 


4,906 


12.093 


ld$S-66 


140, 64S 


4.977 


13.717 


1966-67 


157,707 


5.405 


13,986 


1967-6S 


176,749 


5,499 


15,247 


1968-69 


193.756 


6,81)5 


15,372 


1969-70 


208,291 


5,935 


15,723 


1970«71 


230.509 


6,367 


16,443 


1971-72' 


239,000 


6,550 


16,520 








1972-73 


250,000 


6,760 


16,560 


1973-74 


260,000 


6,950 


16,720 


1974-75 


272,000 


7,190 


16,980 


1975-76 


280,000 


7,290 


16,890 


1976-77 


292.000 


7,500 


17,000 


1977-7S 


302,000 


7,6S0 


17, no 


1978-79 


310,000 


7,810 


17,090 


1979-80 


320.000 


7,990 


17,160 


19S0-81 


329,000 


8.150 


17,210 


19S1-82 


332,000 


8.180 


16.950 



2,235 
2,6i<0 
3,320 
3/325 
4,196 
4.769 
5,278 
5,527 
6,713 
5,636 
5,191 
6,390 



5,590 
5,760 
5,970 
6.080 
6.280 
6,440 
6,550 
6,690 
6.K20 
6,840 



2,358 
2,642 
2,921 
3,296 
3,600 
4,233 
4.996 
5.506 
5.743 
6.800 
6.728 
6.280 



6.490 
6.700 
6.950 
7.100 
7.340 
7,530 
7,680 
7,870 
8.040 
i^,060 



■ Kstimattd. 

Source: Projection of Kducational StatifticB to t9^l-St, NOES of USOE, 
In Prt'S5- 



TAEU.K 6 

Karsed D(htor'3 DEGRKtii. Sri^^Trn FiRui,'; rir Stuhy: 
United States, 19^0-61 to 1981-82 











Mathimalics 




Year 


Total 


rhyaical 


Engi- 


and 


Biological 


Sciences 


neering 


Statistics 


Sciences 


1960-61 


10,575 


1,991 


959 


344 


1,193 


1961-62 


11,622 


2.122 


1,216 


396 


1.338 


1962-63 


12.822 


2,3S0 


1,385 


490 


1,455 


1963-64 


14,490 


2.455 


1.705 


596 


1,625 


1964-6^ 


16,467 


2.829 


2.133 


682 


1,928 


1965-66 


18.2;^7 


3,045 


2,315 


782 


2.097 


1966-67 


20,617 


3,462 


2,619 


832 


2.255 


1967-68 


23,089 


3,593 


2.933 


947 


2,784 


1968-68 


26.188 


3,859 


3,391 


1,097 


3.051 


1969-70 


29,866 


4,312 


3,691 


1,236 


3.289 


1970-71 


32.107 


4,390 


3,638 


1,199 


3,645 


1971.72* 


34.600 


4,510 


3,830 


1.250 


3.850 






Projected 






1972-73 


37,700 


4,570 


4,150 


:.320 


3,970 


1973-74 


39.900 


4,540 


4,220 


1,440 


4,150 


1974-75 


42.700 


4.570 


4,480 


1.550 


4,460 


1975-76 


44,100 


4,500 


4,410 


1.600 


4.640 


1976-77 


45,800 


4.480 


4.540 


1.670 


4,810 


1977-78 


47,700 


4.430 


4.690 


1,730 


4,990 


1978-79 


48,900 


4.410 


4.750 


1,760 


6,080 


1979-80 


50,500 


4.430 


4.KC0 


1,800 


5.220 


1980-81 


52,000 


4,410 


4.950 


1,850 


5,340 


1981-82 


63,500 


4,410 


5.050 


1,890 


5.450 



• Estimated. 

Source: Projcctiont of fMuccitional Stntisiia to l9SJ-3g/ UCES of USOE. 
In Press. 



Natural science and engineering degrees at the mas- 
ter's and doctor's level as well as the bachelor's are 
expected to make up a smaller and smaller proportion 
of all graduate degrees granted. 

These figures reflect a view commonly held that 
graduate schools will continue to expand and that in- 
creasingly large numbers of Ph.D.'s will be trained, In 
many cases in numbers far in excess of any foreseeable 
need of society or likelihood of their being able to find 
appropriate employment. 

This is not in accordance with results found by the 
Council of Graduate Schools in the United States 
(CGSUS) in a survey in the spring of 1972. Deans of 
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the graduate schools comprising the Council were asked 
to make their best individual projections on how many 
doctorates their universities would confer in the aca- 
demic year 1975-76. This year was chosen because 
students who will receive their degrees in that year 
were currently enrolled. Total doctorate production for 
that year based on this survey is projected to increase 
by just a little more than 5 percent above the actual 
production of Ph.D.'s in 1969-70, leading to an esti- 
mated total of no more than 31,500 in all fields together. 
The comparable figure from NCKS is 44,100, 

CGSUS went further to state that the 1980-81 pro- 
jection of Ph.D. production by the National Center for 
Kducational Statistics which was t)8,700 doctorates (re- 
duced to 52,000 in the latest series of NCES projec- 
tions' is far in excess of the number anticipated by the 
Council CGSUS stated that ''on the basis of our best 
information, an essentially steady or quite possibly de- 
clining rate of doctorate production may characterize 
the last two thirds of the decade in the 1970s rather 
than the sharp increases others have projected." 

The lower projection of the Council of Graduate 
Schools tends to be sui)ported by an assessment of the 
National Board on Graduate F^ducation vvhich points 
out that individual universities reacted to reports of 
over-supply of Ph.D/s by cutting back on doctoral pro- 
grams and "the numerous decentralized decisions cur- 
rently being made to reduce support of graduate educa- 
tion may have the unintended efTect of severely damag- 
ing the nation's capacity to provide the quality and 
diversity of graduate education that we believe to be 
a continuing national need."* 

In the areas of the natural sciences and engineering, 
the number of new Ph. I). 's that may be expected in the 
latter half of the 70s certi inly does not appear to be 
expanding. As the potentiai Ph.D/s of the late 70s 
and early '803 enter college as freshmen, a decreasing 
percentage are indicating a probable major in a physi- 
cal science or engineering field, although interest in life 
sciences and the health sciences is increasing (table 7). 

In summary, while there is some variation in the 
figures, most projections of future additions of U-S. 
graduates to the supply of natural scientists and engi- 
neers indicate a decreasing proportion and in some 
instances a literally decreasing number of new gradu- 
ates through the '70s. 



Ti he Department of Labor makes continuous projec- 
tions of demand both fot use in its Occupational Out- 
look Handbook and in other reports. The latest figures 
from DOL project a demand for 45,000 engineering 
graduates per year to 1080." Reference to figure I shows 
that there is little possibility that this need will be 
filled by new graduates of U.S. universities. As in the 

^ Gra<hiatc Education : Purposes , Problems and Potential, 
Report of the National Board on Graduate Education, No* 
vember 1972, p. 2, 



TAIU.K 7 

PtRCENT tiF Kll.L-TlME KkRSHMES KnT£KING CoU.COK 

Whose Vkosabij? Majok Was in a SriEs^e or 

EsOlSEr.RlNG VltlP, BY SF.X. KAUL l'j66 AND Kau. 1972 





Total 


Men 




Women 




1966 


1972 


1966 




1972 


1966 


1972 


1 oiaj, ail ueius 


J 00.0 


100.0 


100.0 


100.0 


100.0 


100.0 


Tolz), soitnce and 












f nginc<?rinjf fields 


33.6 


32 0 


43.7 


41.1 


21.8 


22.0 


rhy^iical science* 


3 3 


i.y 


5.0 




1.2 






9.S 


6.9 


17.9 


12.7 


.3 


.4 


Mathematics and 












statistics 


4 5 


2.2 


4.6 


2 2 


4 5 


2 2 




5.6 


7.1 


7.6 


10.0 


3,2 


».8 


Social sciences 


S,2 


7.H 


5.2 


4.9 


U.7 


11.1 


Other technical fields^ 


2.2 


6 1 


3.4 


S.3 


.9 


3.7 


Health professions* 


5,3 


10.6 


1.5 


3.4 


9.S 


1S.7 


All ulher fictd** 


61.1 


57,4 


54. H 


55.5 


63<.4 


59.3 



» Includes agriculture, forc^itr>", and oiidcKical sciences, 

^ IncJadf's cuniptitcr scicnc*', electronic:*, industrial arts, and other technf« 
nical field*. 

« Included health technoloif>\ nurninir, rharniacy, and therapy: excludes 
premedical. 

^ Inctudi's atXa and hun^anilits, education, husincss, prelaw, iirernedical, 

an<J sdhcr nontechnical field.s, 
SovRiE: American Council on Kducation longitudinal research program. 



past when there were shortages of U.S. engineering 
graduates, the demand will generally be filled by in- 
creasing numbers of foreign engineers and by the in- 
creasing use of engineers without degrees. 

Demand for mathematicians is expected to be some- 
what below the supply at present growth rates, but 
these projections were made before the growth rate 
started to drop. 

DOL projects a requirement for geoscientists that is 
expected to be in approximate balance with supply to 
1980, To meet the projected demand for chemists, DOL 
says the supply should average almost 65 percent above 
1968 levels (see table 4), which does not appear to be 
happening. Physicists also are expected to be in short 
supply by the middle of the decade, although DOL pro- 
jects a substantial oversupply of life scientists in the 
making (table 8) . 



TAEU.K 8 

Or* rrATJONAU KMnovMrNT. lOfiR. ASn rROJEU-TEO Uf.QVlRKMENTi*, 
lyHO, FOR CotlEliE GRAtJrATES 





Kstiniated 


Pn^jeclod 








um 


19^0 




Supply 


Of cupat inn 


Km pl<y« 


Uefiuire- 


Percent 


Kstimatcd 


ment 


minfft 


Chancre 


to iJe 


Chemists 


130.000 


200, OiH) 


55.7 


Significantly 




71,000 


107,000 


49,H 




nietitians 




42,100 


40.^ 


requirements 


r>tntt*ts 


100.000 


130,000 


3J.7 


Physicians 


29o,000 


450.000 


53.1 




Physicists 


45,000 


75.000 


63.9 




Knj<inccr3 


1.100.000 


1,500.000 


40,2 


Slightly short of 


(^cdl(^^^i5ta and 








requirements 


go<iphy«iiciftta 


30.000 


l^ft.OOO 


20.6 




Optometrists 


17,000 


21,000 






Architects 


34,000 




47,1 


In h.T)«rjc^ with 


Lawyers 


270.000 


3:i5.ooo 


22.7 


roquiremcnta 


Pharmaci5ta 


121.000 


130,000 


7.0 


Slightly above 


Mat hemaf fcians 








requircmcnta 


70.000 


1 10.000 


60,5 


l>ife sck'ntist* 


168,000 




40.H 


Significantly 


Teachers, eUmentary 








above 


and secondary 


2.1 70,nOf) 


2.:?lO.<ino 


7.S 


require men Is 


Sources ColUge Kducntt-d Worhrnt, nf^M^lBHO, Bullclir lft76. United 


States Department of 


Labor, 









* Occupational Outlook [landbookf \^12-lB edition, Bureau 
of Labor Statistics; and Occupationat Mavpou-cr and Train- 
ing Needs, BnUoiin 1701, Bureau of Labor Statistics. 
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The National Science Foundation also has published 
projections to 1080 of science and engineering doctorate 
supply and utilization," The latest of the.se reports, pub- 
lished in 1971, projectsi an oversupply of doctorates in 
engineering, a balance in supply and demand for doc- 
torates in the physical sciences, a substantial oversup- 
ply in the social sciences, and a less extreme oversupply 
in the life sciences of about 9 percent. In mathematics, 
XSF' projects a 10 percent oveisupply at the doctorate 
level. These figures are being revised to take into ac- 
count the dropping enrollments for advanced degrees in 
many of these fields. 

Projections of short-range demand are nmdo on an 
anniial basis by measuring the recruitment activity 
among new graduates each year. The major continuing 
reports of this activity are those conducted by Frank 
P'ndicott of Northwestern University and by the Col- 
lege Placement Council which publishes quarterly re- 
ports on beginning ofTers by business and industry to 
new graduates. While employment opportunities for 
new graduates dipped fairly sharply in 1970 and 1971 
as the economy dropped across the board, 1972 gradu- 
ates found a slight upturn \n opportunities; and begin- 
ning otTcrs to the graduates of 1973 are up sharply in 
the science and engineering fields. The latest CPC re- 
port' shows a 10 percent increase in demand for new 
graduates this year with increases of 27 percent in the 
demand for engineering majors at the bachelor's level 
and an increase of about 17 percent for students in the 
sciences, mathematics, and other technical disciplines. 

Dr, Kndicott found that 75 percent of the companies 
he iiiterviewed expect 197:^ to be a better business year 
than 1972 and that the hiring of new graduates will be 
up 19 percent at the bachelor's level and 20 percent at 
the master's, with the demand for engineers up 47 per- 
cent at the bachelor's level and 20 percent at the 
mnster's/ 

Another indicator of current demand is the Engineer 
Scientist Demrtnd Index maintained by the advertising 
firm of Deutsch, Shea and L'vans, Incorporated. This 
index measures the volume of classified advertising for 
scientists and engineers and has been maintained since 
19G0. After falling steadily from 19G6 to 1072, the in- 
dex rose in 1972 and is expected to continue to climb 
through 107.1 (figure 2), 



Given this much fragmentary and sometimes contra- 
dictory information, how can students choosing a ca- 
reer field make a rational assessment of the opportuni- 



and 19S0 Scif'ncc atid Knginecring Doctorate Sup- 
ply oMil Utilizathn, i<SF 71-20, National Science Founds- 
tion. May 1971, 

' A Study of 19?2'7.r Beginning Offers by Brisiness and 
industry, Report No. 2, March 1973, College Placement 
Council, 

^ Frank S. Kndkoii. Trends in Employment of CoUege 

and University GradiiateB in Business and /ndustry 197 3 ^ 
Northwestern University. 



Demand for engineers and scientists 




i I L_l I \ J 1 t ! I I ! I 

1961 62 63 64 65 66 67 68 69 70 71 1972 

Source; Deutsch, Shea and Evans, 

Figure 2 

ties that may be available in any of a number of semi- 
related fields in which the student has an interest? 

The employment situation in various fields at the 
time a choice of careers is being made is certainly one 
factor that most students consider, iIowever» some of 
them fail to realize that their choice of career field can- 
not afTect or be atTccted by the employment marked, of 
that present moment, and that employment opportuni- 
ties in the longer range ftiture are of more relevance. 
Probably one major reason for the abrupt decline in 
engineering enrollments was the large number of ar- 
ticles in the public press relating to unemployed engi- 
neers, both those laid off in aerospace and those who 
lost jobs across a broad spectrum of industry in a fal- 
tering econoniy. 

Unemployment among professional workers of all 
types has been high in comparison to the figures of 
three or four years ago. The Labor Department re- 
ported a 3,3 percent unemployment rate for professional 
and technical workers In March 1971, which fell to 
about 2 percent at the end of 1972. This latter figure 
represents about 200,000 unemployed workers of 
whom perhaps a fifth are scientists and engineers, 
some without degrees. Unemployment rates among 
women professiofiais have been consistently higher than 
among men in all fields. For example, women chemists 
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reported a 7.3 percent unemployment rate as of March 
1, 1972 compared to 2.4 percent for men. 

Without minimizing in any way the personal or na- 
tional loss represented by these unemployed profes- 
sionals, we should remember that the situation among 
professionals in science and eriKinoerinK has been no 
worse than for professionals in many other fields, and 
indeed in some instances it has been much better. The 
same thing has been true for employment difllculties 
among new graduates, f^mploynient statistics from all 
available sources indicate that those students majoring 
in nontechnological subjects have had considerably more 
difliculty over the past two years in finding suitable 
employment, and particularly employment related to 
their major field, than have new scientists and engi- 
neers. Nonetheless, because any diHlcuIty at all in find- 
ing employment within these technological fields has 
beei unusual, the emphasis in many of the stories in 
the news media about the educated unemployed has 
been on unemployment among scientists and engineers, 
both those just entering the profession and those who 
were already in our technological manpower pool. 

It is characteristic of our news media to consider only 
the unusual as reportable news. Because a high propor- 
tion of the humanities and social science majors do not 
generally find employment in their field of specializa- 
tion, there have been fewer stories. 

It seems likely thr.t some students have been turning 
away from careers in science and engineering for the 
paradoxical reason that they have acquired an increased 
interest in the environment and have learned enough 
about some of the technological bases for the past deg- 
radation of that environment to conclude that technol- 
ogy itself must be the villain. If this has indeed caused 
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them to turn away from science, they have probably 
failed to recognize both that the benefits of technology 
already put to work to improve men's lives have far 
outweighed the damages and that improvement in the 
environmental situation can come about only through 
the application of more technology accompanied by care- 
ful assessment of potential harm as well as probable 
benefit. Many applications of technology both solve 
problems which we would not wish to reintroduce and 
produce new problems which we have not yet solved. 
This will probably always be so. 

Much of our effort over the past decade has been 
devoted to our national defense— so much that there has 
been little chance to channel the tremendous potential 
of science and engineering toward our national social 
goals. That effort cannot wait much longer. 

We must» for example, find acceptable ways to pro- 
duce more energy. The problem cannot be solved simply 
by doing without those electrically operated gadgets 
that make our lives more comfortable such as our elec- 
tric blankets and our air conditioners. Almost every 
environmental task including control of our biggest 
water pollutant, human wastes, demands huge amounts 
of electrical energy. But power cannot be created with 
present technology without adding more pollution. To 
attain the goal of adequate energy without pollution 
requires knowledge which we do not yet have and the 
application of that knowledge through new technology 
which does not yet exist. Controlled hydrogen fusion 
promises unlimited, inexpensive, nonpolluting energy — 
but this is still perhaps 30 years away. Coal gasifica- 
tion, fuel cell research, magneto-hydrodynamics, geo- 
thermal and solar energy are potentially promising. But 
they too are still in the future. The problem will not 
be solved sooner if many of our best potential students 
reject careers in science and engineering. 

Engineering is the bridge between the new knowledge 
found by science and society itself. While the twentieth 
century has seen thousands of new products and services 
emerge through the application of engineering to the 
physical sciences and mathematics, increasingly engi- 
neering will also be applied to social and biological sci- 
ences to provide society with a new kind of assistance 
in solving its increasingly complex problems. Technol- 
ogy is the principal tool that our civilization has fash- 
ioned to alleviate the harsh condition of man in his 
world. If that world is to be better tomorrow* than it 
was yesterday, we will need more and better science- 
based technology rather than less. 

Young men and women considering careers in the 
sciences and in engineering should also be aware of the 
problems involved with such careers. One of the most 
critical of these, reexposed and reemphasized by the 
dislocations of the past two years is their interdepend- 
ence with government programs. The job market for 
technological manpower is highly dependent upon de- 
cisions made by the federal government. In the pasi» 
the government generally has been unwilling to plan 
far ahead but has been willing to suppoil crash pro- 
grams to produce qualified manpower on demand for 
such large programs as the space effort, and to support 
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salary levels for this kind of specialized manpower at 
a rate well above that given to other specialists with 
similar educational lime requirements. While this trade- 
off policy has obviously worked by providinj? needed 
manpower to accomplish a particular objective such as 
landing a man on the moon, it also produces new prob- 
lems when no other priority proj?ram has been estab- 
lished to utilize that trained ntatipower when the first 
project is completed. For adequate individual planning, 
it is vital that we establish priorities among such na- 
tional goals as a cleaner earth, a more adequate trans- 
portation system, livable cities, abui\dant power, and 
better health care. Until this happens, job security for 
the scientist or engineer (and indeed for those in other 
fields as well) cannot be guaranteed. 

Forecasting government decisions for funding of 
priority programs that will require large numbers of 
scientists and engineers is extremely difiicult. While 
the needs for specialized personnel in these and in 
other disciplines to solve such problems can be readily 
perceived, those needs are not translated into job de- 
mand until funding is made available. Thus, there is 
and will continue to be for the foreseeable future an 
element of risk in planning for a career in almost any 
field. Nonetheless, it seems obvious that we are not 
likely to train more scientists and engineers than we 
need, or evezi more than we can use in the long run, 
provided we encourage those students who possess the 
triple requirement of an aptitude for science and engi- 
neering, the interest to pursue it, and the ability to 
master the technology already created. Potential stu- 
dents with these three requisites also must understand 
that the nature of science and engineering will require 
them to continue to study throughout their lifetimes if 
they are not to become technologically obsolescent. 

There undoubtedly will be periods in the next decade 
or two when the general economy will falter and em- 
ployment opportunities will shift. Students beginning 
college today may change the direction of their spe- 
cialized interests two or three times over their working 
lifetime - either because the needs for their specialties 
change or because their personal interests lead them in 
new directions. 

Opportunities for tomorrow's scientists and engi- 
neers will certainly include some job openings for the 
kinds of specialists that we have always needed, trained 
in such traditional fields as the engineering specialties, 
physics or chemistry. However, increasingly the new 
engineer and the new scientist will need to understand 
things beyond the technology involved in a problem. 
Some of tomorrow's scientists and engineers must be 
what Columbia's Dr. Simon Ramo has called the "poly- 
SDcio-econo-poIitico-technologist," who must understand 
much more about the implications of his work than was 
required of him in the past, Many science and engineer- 
ing curricula will be and already are cross>di9ciplinar>', 
geiired toward problem solving that involves legal, socio- 
logical, and political implications along with economic 
and technological ones. 

Today's enrollment patterns and the needs for scien- 
tists and engineers to solve problems already perceived 



make most science and engineering fields highly promis- 
ing for the student with the interest and the ability to 
complete the rigorous training programs that the fields 
demand. However^ if major changes come about in the 
perceived demand either through scientific and techno- 
logical breakthroughs or because of changes in national 
goals, those students who have entered into a techno- 
logical major are not at a disadvantage. An under- 
graduate major in science or engineering has tradi- 
tionally been an excellent springboard into the world 
of business administration, the social sciences and even 
the humanities. On the other hand, technological fields 
are very ditllcult to enter at a late stage in the under- 
graduate years or at the graduate level when the pre- 
vious preparation has been in other areas. 

Science and technology are not the only tools that 
will be required to solve the major problems faced by 
the nation. However, these problems cannot be solved 
without a continuing infusion of capable, interested, 
and dedicated young people well trained in science and 
engineering.-- Bktty Vktter, Executive Director, Sci- 
entific Manpower Commission, 1770 Massachusetts Ave- 
nue, NAV., Washington, D,C. 20036, 



The Scientific Manpower Commission, established 
I in 1953, has become a Participating Organization of 
I AAAS with ofiices adjacent to those of the AAAS 
j education staff. This issue of ScieiK^e Education 
\ i<€K3, written by SMC's knowledgeable Executive 
j Director, is the first of what the education staff 
) hopes will be m^iny benefits to the education efforts 
; of both AAAS and SMC in their new relationship, 

~-"J,R,M. 
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